Abstract-The design of a planar quasi-optical frequency multiplier to 300 GHz is described. This source is formed from slot ring antenna on a PTFE substrate loaded with a Schottky diode operating as a tripler. The antenna simultaneously receives at 100 GHz, transmits at 300 GHz and provides the appropriate impedance matching at both frequencies. This combination of an innovative receive antenna, a frequency multiplier and an output antenna is termed a multenna.
INTRODUCTION
Over recent years the need for high power terahertz (THz) sources has arisen from a range of applications: spectroscopy, bio-sensing, medical and pharmaceutical, and potential industrial and security requirements [1] [2] [3] [4] [5] [6] . Unlike X-rays, nonionising THz radiation does not damage organic material. The main limitation to the general use of THz radiation is its strong attenuation by liquid water. THz radiation is also attenuated by water vapour in the atmosphere, but there less absorbing atmospheric "window" channels are of interest for communication and radar. The full exploitation of this radiation band is also currently limited by the availability of coherent THz sources that are wideband-tuneable, efficient, compact and relatively inexpensive.
II. STATE-OF-THE-ART
As summarized in [7] and outlined in Fig.1 , different technologies can be used to create THz sources. One is to down-convert optical frequencies in a photomixer by extracting the difference frequency formed by the beating of two visible or near infrared lasers. A second, based on vacuum devices, e.g. backward wave oscillators, are constrained by the need for high voltage, vacuum, magnetic fields and heat dissipation. Direct electronic generation can be achieved with a range of two terminal semiconductor devices but the available output power decreases rapidly with output frequency. The most commonly used technique to provide power in the 0.3 to 1 THz region is to frequency multiply the output of a lower frequency electronic source using a nonlinear diode based frequency multiplier [8] . A limitation of these is that the output power decreases with frequency, and some μW is possible above 1 THz. Frequency multipliers are convenient because they are phase-lockable, frequency agile, robust and compact room temperature sources with a long operational lifetime.
The fundamental problem with electronic THz power generation is that, whilst these solid-state devices are highly reliable, their output power rolls off rapidly with frequency: Fig 1 . This is because device dimensions must be scaled down to suppress parasitic capacitance and transit-time effects. Fig. 1 Power provided by state-of-the-art THz technologies [7] Sources based on quantum cascade lasers and those driven by continuous or pulsed lasers are available, but they suffer from high cost, large dimensions, operational complexity and often the need for cryogenics. Antennas and RF circuitry at THz frequencies are difficult to manufacture. Moreover stateof-the-art solid state Schottky multiplier chains are based on waveguide technology which is bulky: Fig.2 [9] . Related CAD tools that account for coupling between the antenna and active circuit are limited. Finally, in the case of an array, individual tuning of elements is impracticable. Fig. 2 : A typical THz waveguide multiplier [9] In view of the above, it is proposed to create a quasi-optical (QO) multiplier array. No waveguide is needed and the multiplied outputs from the elemental solid state devices are coherently combined. Antenna array elements are coupled to non-linear Schottky diode devices whose outputs are spatially combined (as a coherent planar sum) as opposed to conventional (longitudinal) power combining [10] [11] : Fig. 3 . The main advantages of a QO multiplier array are the lateral compactness of the device, built-in frequency and polarization control elements, simpler impedance matching and reduced Ohmic losses. As each element handles small part of the total power, there is negligible risk of thermal b article presents a design for a single element o unit, incorporating antennas and multiplie multenna. Based on work by Yeap et al. [12] , inc tripling Schottky diode into a slot ring is cho for a compact QO THz source. The diod fundamental mode of the antenna. The an provide impedance matching at the t Simulations of diode impedance were d software and antenna simulations were don tool. CST also allows inclusion of the non diode.
The antenna is mounted on a 75 µm thick This substrate presents a permittivity of 2 tangent of 0.014 at 90 GHz and 0.068 at antenna is a simple slot-ring designed for 10 side is 1.2 mm, the outer slot-radius is 0.35 mm is 15 μm and the copper thickness is 5 μ lumped ports placed on the slot ring permit, post-processing, modeling the non-linear Scho 
